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[#M»*©*5H] 

2 0AHrt, jfSl/<B«itt«ttO»10AKft. «fc 

0 b < 5, »*« 1 icffi* 

[3***3] 73/»Sg#, Th ^"©ftbD© 10 
Val, Th r 190 ©ft:fot)© I le, Ly s 3 2 8 ©ftb 
*9©Arg, Va l"©ft*5f3©A 1 a, Ala 103 © 
ftbD©Asp, Th r^'CftfcDOVa 1 cfcJcrKA 
s p 101 ©fU)D©S e r,k!3 6§#*51(infe'bC!) 

[Mf*>54] 75;ittS«t. Val»Oftfct)OA 

1 aisit/L y s 3 2 8 ©ftbD©A r g, SfetiVal 

3 7 7 ©ftbD©A 1 a*>£l£S e r 416 ©ftbD©G 1 y 

j:oa:*»*6aH5nfc*>©Tr**, »*« 1 ts*® 
&fmm, 20 

r^-W4I®*lf7M u *x x t^— tf £ Jt 
^T'M<tt)l^©73;KSIStU if£M©;*: 

SCt*MitS, DNABB^iJo 
[*f*B6] 73/WR^ iS»*©ffittg&te©» 

2 0 Afilfe V < \Z&m&mL<»® 1 0 ARft, «t 
t)»*KttKffitt*ttrtK#&f 11*91 5 HB* 30 
©DNAEJIJ. 

[11*917] 7S;ifl!5S, Thr'^fflf^Dffl 
Val, Ly s 3 2 8 ©ftb9©A r g, Val»0ftfc 
D ©A 1 a, A 1 a 103 ©ftbD©A s p, Ala 103 © 
ftto9©Cys, Th r 107 ©ft:bD©Va 1 *3<tZ>*A 
s p 101 ©ftt>D©S e r J;D!tt<5»355 6a«nfct>© 
aff*^5fclE«©DNAi350. 

[#**8] 7S7^»*S> VaP'ffl^DOA 
1 a j3±CJCL y s 3 2 8 ©ft:bD©A r g, S&fiVal 

3 7 7 ©ft:fo9©A 1 a*s<fcl£S e r 415 ©ftfc>D©G 1 y 40 

•fctJ&SS^SatfnfcfeOTf**, »*« 5 HE*© 
DNAEM. 

[Mf*:g9] *5§«#|c, A'S/^XI. 

X Hl^hV-f-feXK, qHURttfUB. WflMsitfte© 
XBMI&<£0&$l^saim£fc©^a&3, ft*! 5 
\Z ESc© D N ABB?!I. 

[w*b i o ] jnmm&ip -?mm-z>itib(D7)v*i 

'J*X7r^- tf£3— Ht'-SJSfe^ftfPC.tSDNA 
KMS-frtJ^XS HT&oT, a7M'J*X77? 
-If ^*S©*il7M WX7 r ^— if t tt^T 50 
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2 

£&l'0©73/te^S£*L, fF£U©*I§e 
7M'J*X7 r tf D t>;*:£fcJtiSf*SWrs n 

[«*« 11] 75 7 KKJItf. K#*©SttgB&© 
l»2 0A.Kl*3, Jf£ K tt»flHt«Btt©*& 1 OA&fc, 
«fc *f * L < teKSttgB&ft iC^ftTS, W*« 1 0 \Z 
|B«©X7X3 Ho 

[»*«12] 7 3 Th r 199 ©ftbD 
©Val, Th r 1 09 ©ftJb D © I le, Lys !!1 Oft 
fc>D©Arg, Va P'fflffifcDfflA 1 a, Ala 193 
<5ft)bD©Asp, A 1 a 10S ©^t>D©Cy s, Th 
r 107 ©ft:bD©V a 1 SJctJCA s p 101 ©f^O©S e 
r J: rj 6atfnfc*>CDT*S, «*9U otcne 

tOT"7X5 H\ 

[1^313] 75/Kt», Val !, ©ftfci9© 
A 1 a*>£tfL y s S28 ©ftfc>D©A r g, £ fc&V a 

1 3 7 7 ©ft*) D ©A 1 a43<£tfS e r 415 ©ftbD©G 1 

«©-7°^X5 H. 

[MM14] *i|jft*:£*t> A->5X 
IB, XH^Hv^-fexJg, WLIMHIB. S#£J;tf 
ffi©*«iMIBJ:t) safinifbOT?**. »* 
3U 0fctE«©:/7X3 Ho 

[§**9t 1 5 ] #iwa#^«t»Tfa^-r*?ta&o7;u* 

U #X 7 r^-1f £3- H-r5jfteT«fm<£ -SDN A 
!H?lJ£-^tf:/5X3 HTr»Hte»U&¥«llfil«iT?»^ 
T. i7JW U *XXy*-1faW^©*|g»7;k& 
U*X7r^- ifiJt^T^&<ifclO©T3yH^ 
SSrWL, »£§tf©±H§«7;k/jU^XX7^-if±9 

[W*^ 16] 73/ l£B*©t£ttg&ft:© 

jc o l- < Bttsttawfcrtfcwr*. «f*« 1 5 c 

[»*«17] 75;tfM, Thr 1 "©^!) 
©Va 1 , Th r 109 ©ftt>D© I 1 e, Ly s 32 8 ©ft 
foDCArg, V a l"©ftt5i9©A 1 a, Ala 103 
©-ftfcD©Asp. A 1 a 103 ©ftfc>0©Cy s, Th 
r 1C7 ©ftt)0©Va l&ktfAs p 191 ©ftfcO©S e 
r JcCfcSS^&atfftfcfcOT?**, «*JS15tCf2 
*©«±«fflB& 0 

[1S118] 7S;tfS^, Val"©f^f)© 
A 1 aiSitfL y s 3 2 8 ©ftt3»3©A r g, ^fcttV a 

1 3 7 7 ©ft*)D©A 1 ais&ZSS e r 415 ©ft*)D©G 1 

«©tt*lffl)ia 0 

[W*«19] A->7XK, XHL^^H^ 

-YirXM, n*ft«)feM. *«i5±rXffi©*««fiJ; r> 
^-g>^e.Stfnfct)©Ta&?), »*S1 51CfE«©# 

*«o 
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(3) 

3 

fi**fc«M»fcil8£Lfc7;l'# U 7 ^— 
4>&< £fcl^©7S/§lffill£*U If£l«©*B§« 

tjp* u *x 7 r *~ t? ± t> *>:*5fcjtett&wr* c 

i ftlMS if £ 7;W7 U *X 7 r ft 5 ftSffiaftt 

[?8Sli©g¥*H&6fcSB] 
[0 0 0 1] 

[Hti_t©fij;B#Sf] #5g9ltt, 

M\zWtZ>. #f^©7;i-#y*XXr^-if«iti£tt itf 

£7 y-fe'f ©S»i LTWfiJfcfflV>-5 Z. t*tt?*S„ 
[0 0 0 2] 

[fle*os**«t«KW««»ftb«fc5t-r*aw3 7;p 

*fc»»&«^-r«. - tiz x D««#*s^m-rs c t 
#5>nfc**/»KK)6©gss««'rs^i(c=fc 

[0 0 0 3] B«iLTttffl*-«>ifc»fcW5£©»*«» 
&KJS3I©»*gjS) ; itffi(jMs\ 5 0-6 ccsa* 

©**©*^'it ; BmmthEi!fc\zm®-fz>tz)sb®%\zi£ 
5 c t (& nyirifjyy FR*tt o * if) * £ 
»«£jei*fc<fc t> a* d> «^©»#©si* 

iia (t.)« 4 0 1 0 o-C^e^-sfera^T 

[0 0 0 4] •?->Bt7M'J^7y^B|ijMK 50 
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4 

«£LTUiUiffllr>&tt. flSViJtStt*«fct;*a5 5"C 
7yif7MU*X77^ — i?©«ffl tifeSS t LX^fi 

©7;kfr <J *X7 t *~ tf ©W^IB5l&ff -3 T£7t. 

[0005] m?i»«»*©ie*ja*;£»T*fcac 
a*?*n&— : 3©77^«. ^ciiawyji/Tj'j^xxT^ 

u *X7 r ^-if um%mm<D7)v* >j *xx r e 

ifr'J^XXr^— tf«, *S9 5'C0T.4ft5. 7^ 
SLitf^**. 2 51:, r©»*tt»xe7?^»L.T^ 

mz-?z>z.t&x%z>o *»Bf7;i/*u 

*X7 7^-bU 7yIf7MU*X77?- fe?tc 

©M*MJS©«*S« ( kc . t ) frte D OJH&OTBtt 
Stlttf 6 0 s e c^Tf^So cniJ, 
TJ1/* , J^X7'75'— tf©*52, OOOsec'OLn 

<7 u *x x r ^— jt^s tfBs^jSft^ 

mr)iti u *X7 r ^—tf©»*«'ttS[B]±s-a--5 c <h 

[0 0 0 6] 7Dr^f >X>i?z7 U >^©MI:*lt 
5ftifi©il^, fetA«, SI5fi:#ftW(site -directed) 

*©#■[*», ^<2oo77x^tt^Wo -r&fc 

^, ( 1 ) »*Stt«tt©eW»fctt«tett#-*-*tttL 
fct^.«*M#Stt> SIHMSdc,,,), 
5AX'JXt»(K.)&if ; £J:m2)»l!fM#i£©£#: 

PWftM\zMTZ>m,#i&. t±lflS*«tto7nxr'J 
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(4) 

5 

awBr*««T*73y«a«***a:itfc«i:D, mm 

[0 0 0 7] 7M'J*X77^- WOfflR***"*"* 

£Zfi?Z>uu7-t i ?)V- B-ifV-taV ; 2, 3- 
•?4r>i>**-A> ; Xx-^y ^^^©ft^in? 

M-r**«##6ftfc[3-^v><ColemM)*J:I«f 
y5V >^X(Gettings), Adv. Enzymol. 5 5:35 
l, i 9 8 3], ;:®ii*Tf-7rf-n/^>T» 

D5- tfffitt«IMH^>/^H©iStt® 1 3 0 
_t#L, -7J. #X*h7>X7x5-"WStttt«*Wt 
©3 5 0 % <h&-3;fc[XUX'r> (Chris ten) *£>> Bioch 
emistry 1 0 : 1 3 7 7, 1 9 7 1 ]. -e-©«fc5&Hfi 

fc 0 LftLti&z, tt&mmmit. »**©£©7s 

A. j£x^^ h;p©7syiiwt^itfl5. 
[0008] s^tc, 9>Kt>m<Dmmm3Lr£\zi&& 

ja**) ± o t> — jk * # & *> & ^ -r . «: t a a. 

^*"©KttglSS^-S utl:«t 07^7^-1:1 
^.# ; 5['x'(Ma)*5j;^^V3.^(Ptashne), Cell4 50 
8:4 8 7-8 5 3, 1 9 8 7], NU7h77>-» 
J £?—V<DaV73--y Y-\Z&lf2>ffl9t~?m-£nz>£o 
\Z[rL$>> h(Yutant) 6, Nature 2 6 7 : 2 7 4~2 
7 5, 1 9 7 7], 1t^T^<D&m&mZTn& 

tfe^t»5f, ny7X-xf7n-y-t7- 1 ';w 

(Baci 11 us stearothermophilus)© p f 1 tt^'n5 : -7— if 
(CiJttSW^MI^tC^Sn^i^lcC-f I manak 

a) 5, Nature 3 2 4:6 9 5-6 9 7, 1 9 86], f 
*eW©*^©73 D»*0T.** 

[0 0 0 9] ffi*^.DNAS©rllSfc<tCl, TVk&UJf? 
X X y ^— E©£jSSS<fr?-*lie : P (Pho Atfef) © 

«iia^TMo75/iass«»sft«is 

TTtt, phoAjieTfJ, U>KS©«g#, 
■HcH#-r**a:< tfc 1 8ffl©»e^#>£>ft£#JM£ 

«ft-*o-**abrvi*. ^maphoAjte^wx 

ftI&nTV^[^^>^(Chang), Gene 4 4 : 121- 
1 2 5, 1 9 8 6#flg]. 50 
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[ooio] mfei-mmz£.r>, T)Viiv*x7T?- 
-tn»*cow««ftfc»a-ir'j > i02 ©«»«it?i§e© i 

0 o ofg©ffiT<fc&D, -en**., Jl©T5/^4^ 
T)VfJ U »7 r^— tffiHStCfigTifeS c t^n 
fct/ly h5 9>V*X(Batler-Ransohoff) £>> 

1 9 8 9WM'J*X77^- ifS^tf^A. * 
>-7lJ, CA, 1 9 8 9©fl5]. miCML-T. -fe 

a. (Ghosh) 5, Science 231:145, 1 9 8 6], 

*^ffitt§Bfi©tt<jfi«l©«s-eab^T;i/^-> ie8 © 

«i35*S»»*fctfc^T»5 0MTl/fc[Ay h7 — 
7>V*76, Proc. Natl. Acad. Sci.US A, 8 
5:427 6, 198 8*5<fctf5 1 W ^D^n — (Chai 
daroglou) £>, B iochemistry 2 7:833 8, 198 
8]„ 7JWJ*X77^-f ©75/*S©l 0~4 
Oi075 7 88I^^>/W « *7X^# fc «fc D m^t 

L-jtf^X^— (Chlebowski) 5., J . Biol. Chem. 2 6 
4, 4523; 1989 L phoAjfiC^OjS^OlM 

^[^i/f?— X(DuBose) 6, Proc. Natl. Acad. Sci. 
USA8 5 : 7 0 3 6, 1 9 8 8]. 2T<Si£fli. * 
B§«7;i/# U *X X r tf ©ffittSB&©TX A° 93= > 
It 101 ©*tt#«ttft«W*«!*»W»fc«fcoT»'tS 

&UtfU — £>, ProteinEngineering3 (2) : 12 7 — 
1 3 2, 1 9 8 9). E©£S**tt*p£ffl©»$fclfc 

[0 0 11] 

it^Tfls v^itjge&*-r 5 u *x x r ^ -1?©* 
Mmmvmmmmz, tjt^r 3 e»t>± 

Rfttttttt^ttt^A, i»*S^7yt^lcffiMt 

[0012] fctA«, ±mmiz£-Dxmfznz>&f& 

7MU*X77^-fe'Ti6oT, »4IO*il7;i' 

*'J*X77^- iftjt^T4>fe< tfe loors/K 
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7? ;m&mmm<Dm&ffl®:(D®2 o aw^us* 

5. 7S;i«ftO«tl/TS, Th r 1C( »©ft;bD© 
Val, Th r^'OftbD© 1 le> Ly s 3 2 8 ©ft:b 
DCArg, Va 1 99 ©ftto D CDA 1 a, Ala 103 © 
ftfcDODAs p, Al a" J Oft)bDOCy s, Thr 
107 ©-rW3i3©Va 1 *3 ilKA s p lcl ©ft:bD©Se r 
aWfSns. -l7Sylift0«iLTIi, Val 
99 ©<ftfcD©A 1 a*><fctfLy s iJ8 ffltoDOA r 
g, ifciiVa l S77 ©ftt)f)fflAl aMI/Se r 415 

©ft?b d © g 1 y s-g-tr 7 s / kss^W 5 . 10 

[0 0 13] 7M'J*X7r*-"KWft 

£!©A-B»»7;i'# 'J*X7? ^— if t it^T4>& < 1 1> 

SBS&DNABW&^-r*. ^©J:3&DNAlE?tJ£ 

Kgg§ 73/ 
A 1 a 
A r g 
A s n 
Asp 
Cy s 
G 1 n 
G 1 u 
G 1 y 
H i s 
I 1 e 

[0016] jim<Dwm\zffit>zmme>&& 

7 5t(pH7. 5)T5»lffl©g/hf«MSS 

*COB*fStt«^(Z)feCD(Cit^Tl. 5-3 6ffif_k# 

(0.0 5M)A>*fc«^X^/— )V7S.>(0. 0 5M)© 
#ffiT. HOI 0OpH'PBi*fiH*Sa3ebfci*K«»E 
^ns, tHSft©|n]_kH:. fr^ff- (molecular model i 

[0 0 17] — fgfc, 7M'J*X7ri'-1f't>^S 

fttLfcfV "7 FX^— (Sowadski) £>, J . Mol. Biol. 
18 6, 417~433;1985]„ B&U&tVT 



[0 0 14] 3S,[t, *»Wt4. -€-OJ: 5 S 

(L#>L, £tt5lt|gSn5fc©-m&^)S*©7-;>-fe 
[0 0 15] *iM3-Ht3j;0:T5yeSr*-rfcis6. T 



gag 

A 

c 

G 
T 



75V -» 
^7^> 
73/K©3 3:*Kig : 



79-> 

7;m*-> 

7XA5^> 

7X/t^=P>K(7X/^^>'KttD 
v-X^-f > 

5 >B6(^^ 5 >B61fi) 



Leu n-f >-> 

L y s U ->> 

Me t ><^-> 

Phe 7i-^75-> 

Pro ~fa U > 

S e r -fe U y 

Thr h^^-> 

Trp h U "J h 7 7 > 
Tyr 

Val A*'J> 

7 5 / E ^> 

[0 0 18] »*4 J ©F^gStttC-fe©73yK^[:^ 

^©73yKS3-miss3H 

>*phoA®g^^tCffAbfc„ n r I >BH^iJNNN(N« 
4 a© X ? V Htf- Y © l/>ftl* *^"T) * D N ASH?[J + 

A*»or&fe%* 2^©73/K»t;)^^r*5D, 

[0 0 19] frjgr/yXg H©a^ 
■SJfc *3 3 tt£ D N A^OjfttDO-fe 3» h 6 tlfc 

fco sr. «*©«fi&DNA-9--/BE^#-«eT [ fnc 

SAL, #6nfci'n->*ifcfiHto*iri*»Bf*o* 
^(C^V>TX^'J-->^Lfc. 35— C, SSDNAi> 
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[0020] m-(D^m\z\t. T)v*v*xyT*~£ 
£n- vrz^-k&fo&fcT&mmvm&tz z. 

^zKm^ftmrnmi 31,97 3#a 987^12^ 

1 1 BffilH)gfai«*5<i;I>*v>7 i ^^(Mantlecki)fe«i;U: 
Jp'J >^(Bolling)©Gene6 8, 1 0 1 -1 0 7. 1 

9 8 8 (z.nzxm&mm<Drctb*wmm\zi5m-rz>)iz 

EftStxfcFoklffilriOfT^fc. 2 1 Urfx 

^^^^^ ^ [^l (a)ia~si (c)mizmmv. mmiz 

m?XmsfLtc7 ; 77,S.\ t <P?—(vWM5 0 0)'P\Z 10 

2 l(Bt-^TOWM-*U[5ICDMJiST5-l'-y-hUT*tll 

6 o ommi(D^vhoAm&i L ^mm.'r^z\L^m 

[0021] jiiB'&risa&pfctt, »f?()S^co^* 
u * ^ p m<D t s. y mmmiz mm s n z m 

- 5 * -eEfiE^lJ ( 21 ^-eiefcffiiW&mR N 
A©^j£^ikT3)^imT^7c:o ^tD'&Mfif 
£r^J&:7°9X5 M^^-(pWM5 1 8 ) (*JEM 1 1 
\zmmt^t)^\z^u~-y^hti> Z(D^o5>- 

^tf-^nr^fco -&^phoA«e^**f^-/5X5 H 
(pMA 1 0 0)*6C37MU*77r^- \LV>%Ws 
^Mt, 5 5 0 nmTffl*ftS 1 . 5 ^MM^Tc 

jtL-fc ^©±5&±I§«#<hLTte, -lV>X(Inou 
ye)£>©J.Mol.Biol. 1 1 0, 75-8 7(1 9 7 7) 

fc, MZ 1 3b(F-lacX7 4, ACbrnQ', phoA", ph 
oB", proC-) 24 tsxR, trpe., str J , 4>8 0D(pro 

c + . proB + ) IP , 3 . 3>8 oyjzsmwi&gtfznz. 
[0022] &t>nftmm*:Mmzz?v-->yvT 

fd„ ^ne>®^n->Sr, xjreafe£5-:/D^-4- 
— <>K-M>1(bc I p 

MLfcrmx-tcJcD&ffibfco 
[0 0 2 3] e£MBfc±a7^*u#X7r*-'fc?® 

# v~-yy?%<D\z^ffl-x?&z>mmv-'<)\'V>i&-t?i- 
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©phoAU#V-Att-&«M££, *aS©U#7-A»& 
SBft t ft N T $ S #lB»i Viffi^TWft-r 

u-^;i-SM4>$-B:fc. fsn&^xs F&pMAl 0 

ltllL ^©phoAiteTO, -f = yI-^-AT 

i«^ifcStt*«-r*aEft**o*30tBc 1 putoK 

BttWWSSEE-rfcfcii, 0 0 0^n->^-&tyi7D 
(pMAl 0 1)£, S5K2fc*!aE»R»«aEfcfflH*£ 

[0024] asfe^aengg^agigs 

y^£>©Proc. Natl. Acad. Sci.83, 7177~7 
1 8 1 (1 9 8 6)] (*Altt*#J«©fcft*i«»l*fc3lffl 

»77XS HDNAE5Jfcffi^2^©r7-AjS 

mmmfem-f % z t \z & n ^mzmx-t % z t&s&n 

4» (:*At -5 © eft (c^res 3 0 
[0 0 2 5] £©#i£K:&^T> ^^Urf^^k^ 
K-y-^E?B(T^ 'J *X7 r^-if«e^©-y-^E^J 
tt:aS^-m)^7'7X5 F^^^-©phoAjfi 

SOIL ^jfc^UrfJR^P^PIJ-t/EWtt, 
SBtttc-S©3 H>BB?![^*fctt9>^An K>EJ!| 

-r^±na^9X5 H**a«^©s»«&©PTM^ 

-r^^CTttto*. 7*5X5 P&l*3r©*T?M^T5 
©<t3^SI5fi[^2 5#ft-T*), SfcB75X5H4 2 

S^-r*Htfc«fc«5, 1S^«IJa*»IME*L/fc. 10© 

mmmfrz 2 0 oonnn-^snfc. 

[0 0 2 6] X^'J— X>^©^, DNA->-9 

X>->>^±tX*#«^>/^M©»«t*fi ; -5T. Jt» 

s-g-w-r^ 1 0 ©^s*mM^#sn&„ ^ne> 1 0 



—454— 



(7) 



#BB¥4- 3 4 9 8 8 1 



11 

hl^~>*V\*U>TB») ; Th r 100 >I le;Ly 
s 3 2 8 >Ar g ; Va 1">A 1 a ;Asp 101 >Se 
r ; A 1 a 1D3 >A s p ; Al a 103 >Cy s ; Thr 
107 >Val ;rlHftLys 3Z8 >Arg^tfVa 
1">A 1 a ; fcitffl*©— **S#V a 1 3 7 7 >A 
1 a&±tfS e r 415 >G 1 yT&ofeo 

[0027] _heae»*a**o^^x^ n^n-- 

JfciAtf* (Polisky) SOProc.Natl. Aca 

d.Sci.USA, 7 3 ( 1 1), 3 9 0 0-3 9 0 4(1 9 
7 6); v-y-h(Siewert) ^C0*H#W 1 ®4, 3 7 
5, 5 1 4^mmm ; &£tf-(?27(l takura) £CD* 
H#Wff§4, 7 0 4,3 6 2#^»#*(2in6S:iRft# 

[0 0 2 8] 7 U X 7 y ^-iggftffCQ^tt 

fll(liLfciStt) 



12 



I8*J:^P^ *X(chromatofocusing)^nT 

10 [0029] #5n&*«w©*f«***±r;'en6© 

fl*, ^£§BJg(pMAl 0 Oibt^lTS^JcfcD^ 
[0 0 3 0] 



p MA 10 0 

p MA 1 1 0 

p MA 111 

p MA 1 1 2 

p MA 113 

p MA 1 1 4 



Va 1 3 7 7 >A 1 a 
S e r 415 >G 1 y 
Th r 100 >Va 1 
Th r 100 > I 1 e 
L y s 3 2 8 >A r g 
Va 1">A 1 a 



p MA 115 As p 101 >S e r 

p MA 116 Ly s 3 2 8 >A r g 
Va 1">A 1 a 
p MA 117 A 1 a 103 >A s p 
p MA 118 A 1 a 103 >Cy s 
p MA 119 Th r 107 >Va 1 

[0031] y^u^x^r^— ifSiS^ffl^fe^ 

»^7yt>f IT07M U*X77 

flolr«»*«»**fi|tffl^52:i©Tf#5i^o7 





K m 






UM) 


mm) 


6 0 


3 0 


9 5tT6M 


9 0 


2 3 


8 


12 3 


2 0 


8 5^2 i#m 


1 2 3 


2 0 


8 5trei o#m 


2 2 0 


9 4 


8 5tTi o^ra 


2 0 5 


2 2 


8 0W1 5ftm 






8 5W3 #Hfl 


2 9 0 


5 6 








8 5W2 #M 


1 9 0 


7 4 


7 5tT5^1 






8 5 *ct?< i #ra 


13 3 


14 4 


8 51CT2 2#K 


1 0 5 


7 5 


8 5t:T2 9#M 


2 4 0 


10 2 


8 5tT7»ffl 


18 0 0 


1 0 


6 5tT9»W 



£)&^*wr6n*. sec, 

50 >A^K*fc«ia#:, ^-nsojg^fcSfcttWM-. tttf 
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[0 0 3 2] r»«f^««»jttt, 7v-t~f-ctttfi-rt€r 

fctfl&SfcKi«j£tt&lr»3. #*T#*»tf, fttimmm 

HftBi^^llSCiJtrs* * & tf #W*f #t#j# 
(ft. ^>A°?SI, ^X5f K 7371, mm> ^)V=E 10 

5&©:fcj;tfT&@toT&#£ns *>©£-§•&), 
^ fc^-r zifimvf s n-s *«, c n & e r & 

[0 0 3 3] r»*KJBIjttt. «»fciie#LfeWae«Hg a? 
•&^7©/fc$j"e£>-oT<fcV>„ #3S9lT»tf, m*sS*©S 

[0 0 3 4] rjHEU-&riS»j4:r4, »4ff»««l*fctt» 
wK«lc*SI*fcl4liB*lalfr&-r* z: 1*^^, 

[0035] rtt«tt*j&tt. mm<tow\zj&mtt\tffl 
■o, -nst\z. Mm&aaammmK^am&i&tKtb 
tisv>Ttf, rtffiisaioMie^^tsfv-jflitfz;!/^ 



M¥4-3 4 9 8 8 1 

[0036] mmmmitit, Gsum&m&*mi&k 

Ttt. HffltlHtf, I*fctt2&±©7yfe-1 , KS8*3' 

*-T£ i *fc»2fii±©)l**"rs7n-x;i/-(fiow 

- through) 7 v •fe-f ^BTftffl-T 2> &»©«»# 5 X, 
tJl/D-XJ&BNDWV; H ; 5*^ y7*7>FU- 
F(dip and read)7yfe-f ©fc&Cx-i' *;^f-f y 
? (dipstick) ; i'DYH'77^-!S(fci^tf 1 
A-^PVh^9X^-3;fctf#5Xlli*ft*DVh^ 

fcJ&oaiXhU'^T^oT, B*1M8©¥-XMJ 

y^O»]*©l/->+K i *&»-rtT©K**»^*n 

-X. tfUX^l^tf-XSfctt^-T; "Tif^f-v 

n&fc©T?tf;&:^. 
[0 0 3 7] ^^ftS, ^jS4&*S;fc«-&jfcWfc«»L 

tf, #*S(fc«hxtf. at, -fe/nn— x:&j:tf-fe;H3— 

hnt^n-x, 2-75/71^*1- 
P-XJoi^K-b^P-X^i:) S^-feJl/P-Xft 
■ft 2) ; ->'J7J ; ir-f *tt^ ; ^iSfl^* 3 :*-&£© 
««ftK, *fc(iffi©«©«ffl#b#?L»^U-7-vh 
'J y ?X + l^-C»ft3*fc«R*^©«IIIM*»*(# 

jJfJY-StWf^ns) ; *£&©*(££*.«, ffitz 
£)43«fctf'&Jds©#(jfc£;!ttf, ^ D>&£) ; 

7#n-x, 5 i *xh5XfeJ:t£-t?5? i >-&£© 
#JL«y^ ; #'J7*U l^-hftfo#'jY-7^P 

tt. *ns#:T?asa:««*^rLTvs«*, strata* 

[0 0 3 8] »ffiiS*©*f *§-&tci;D 
*», BT^'ttttlli:K»i:©?i'ar^ c f 1 t«^n^*\ * 
M LTK@*i^-Xtt«l^© t* r ©fegtC t>*RS9K» 

ftT?#ttVicit*iti*"ra. iMfit^tf, #'JX9 1 k>, 
^U^f)V77'Jl'-K jtfUXabfkX *'Jfh5 
7Moifl/X *U7^'Jnnh'J)k 3pu*-# 
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[0 0 3 9] *SSHJ]f4*fc, «ffl*»6H«C«Sfi-UTt» 

vr &na(#a«Afc±s*B«ff! : tHiijsi 50,27s 

^(1988^1^290 fflgD 9J*H#, #fiS©fcJ&*H^ 

[0040] immmm&i8&\tL\t> mma&im 20 
&£tfm^um<Dftmffim'£if&tt<Dm\zm^znz>ftgk 
»»-&*$kc $> -a r « m w t & 5 

®&g i mm&t&ft\zf&£-rz> z twz, 

So 

[0041] rgtHjfctt, -jRK, ftmmm*^\s 
tLTB, jftfli, m, mm, #« 

[0 0 4 2] J5r£©i»<&j8$h 
MM® * & ttttW (CM L TSS© 7;/^ £ti 40 

%£o\zm&-rz>. 

[0043] *mm<Dmmmm\t. @m*mwm&7y 
m^&sts) \z&^T^mizm^z> z 5. ^ 

[0 0 4 4] Hffl1t>} 4 'f y^7y±.<1\Zi5^TU> M 50 



M¥4-3 4 9 8 8 1 

16 

tr. »»»tt^«»tt, BJ£fcffi#(tt»* 

»4lfilSftWS(tt»*C!)|ft#:43>«fjS#*»fc«g^-r*)T?* 

Sjfi3Ki©itai*3«t^it^C)^ai-rsn:e£ i b^-e^ 

*«I©a!CiEJt^JTSo 
[0 0 4 5] ^©Tyt-flt Jgff(forward)fe 

^g>»m*«*» ^^T?»*ttm*iii>Laiifcft* 
tr. ayyWSrB, twice*!*****., cnv? 

[0 0 4 6] 3 *5SWOff«»*tt, ahemx/ 
[0 0 4 7] *»i|li©*f»***m>T*'&7v'fe-rfc 

©i^*. (i)@^t«iea^/4)-«T^*»«^. 
is ( 2 ) mMtiMmvm/mxv&im&iwwittsn*. 

©fi«l£W*©^«f*f*t;©fiiM©ffiM**T-l)<, 

n«>^., ntt©ii^«>'^^-;w« / >-ra-r«.5-5. 

[0 0 4 8] cnSOilS'&Tyfc'f fc*V»T, tt»f CD 

»*fctt*^©ji*ii*^tii-r§2:t ! &T^.S)<, at 
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[0049] Taaowso*is«T?feis«-r*j;3K» 

i*^A77!yfe-f(EIA)l:ttffl-r« 
A110, pMAlll, pMA112, DMA113 

7ptM f n-±JP4rt#(4rtA F Ptt#0 K«r&S 

pMAl 1 3)0^O7MU*77T^- tf Ste^Si* 
fcJAA F PK*SIHt7yt'f tc£l>TAF Pflipft 

**fp*b&. :©pmai i smk/mmmtxi* 

[0 0 5 0] *^©ff«7;^U3ftX7r^— tfttS 

fc, H^^©i0^>;wi, 1 2 5 

*3<fc^K-ffifl&iettifLlltt#:, ffinJM 19-9Fabl 

Kie i Aicffiinr; ttifcs&ua:. 7ik*j 

sjcjs^©*fiE*fctt«*^ , r 
^tfciti^ai-rsctdt-e^So 7mu*x77^ 

©7ii/# u *x 7 r^— tfSKSfijffl-rs * t j&t-rr* 

7i- F(pNPP), 5-^DD-4-7*D ; E-3 — f 

>F»Ji]/*X7x-F(xp). *iat^f;pi7M'J7 

i'JWX7i-h(MUP)&£ , C*5. MUP*ii^ 

[0 0 5 1] -o£\z, *IS«CS^T*SSM«$6K: 
( a ) :fr U rf * ^ F ©-&*£ : *St?Ji C i: -o T(&M~C 

7;w u *X7 7 i'-f ief ©^assi so 



M¥4-3 4 9 8 8 1 
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lef^iiLL -&^aeT©»««. ^^>^e>© 

Gene4 4, 1 2 1~1 2 5(1 9 8 6)(#i©fcWi 
Sffl#C3l>H-r^)CP8*$tlTV^»*S©^:»«7Jk 

*u*x7 r ?-nmu? ©le^tcs-^fc. c ©ae 

ft 5 0~ 1 0 0«*»OMBIKT*III«3 F>3 
J? (preference) *5 J; t;ffl#ffiiJEffifi:^jte^S^ bfc„ 
phoAjte^S^-rsfca, v^y^SOGenee 
8, 1 0 1~ 1 0 7 (1 9 8 8) (#flB©fc»#«»»K: 

fc. phoAit£T£, ^-tl^nfiS*S7 3«S©2 1© 
^•U rfx F-y-T'ffiJtJtc^tlUfco Fok I 7—1, 

&©#«Tfi«*fctt^)»f79X5 Fdnai;7--;p 

[0 0 5 2] t'JiJli'l/tfHOMIt 5'-5>* 

F*'> F u 7^ii/X £ F j3 - ->7 y x^;1/*X/}n- 
^7 5^ FSfflVi, 775K FlM^^XxMAppI 
iedBiosystem) 3 8 0 BMtBt?^?^ FA/frtS'X 
fAX, 7*X^-yr-('- CA)T?fTofc. #5*1 
fc^U^X^W^FS. 1 0%#U7^'J 11/75 Fy 
Ml 0%#U7;7UlI/73 F> 7. 0M1I, fei^l 
XTBE[89mMh'JX-*78t, 89mM5tx>? 
tt. 2. 0mMIfl/>-773 7Iil(EDTA)])± 
©yil/Sa*«l(Gene6 8, 1 0 1 — 1 0 7, 1988 
Kt>E«Sn"CV»5)tcJ;Dtt»Ufc. UVi;f£ (shadow 
ing)tC±DDNASfflK-ft;L, 1 0 SMMMVTmmtZ 

wrsn > f £yiw> & «j d m l &. t^d- a z>®m 
mmmo. bummTy^—OA^^uimu edt 

A)(lml)£ffiH, 3 7-CCT1 6NfW, ^Ombfc 
yil/aK^>^*Urfx^k^F&^KLfco ss-rs 
#>J7;7'Jll/7$ F&^-rSfcA. ^ILfct'J^7 
^ l/^FS^-rll/^ — [0. 2 #M-fe>F W#X(Ce 
ntrex)^^;]/^— ;->a.9-f fc-v— & vaXlKSchleic 
her&Schuell, Inc.,^-X NH)]tCjlL7£. flfSL- 
&*U P"X * F * 5 §ft©X^ / -iVTTitJRS 

-tt, *(50« 1 )+fc:BSMU ^y?V>DU- 7# 
Jttttt[^7?77 • >y(Beckman I 

ns t rumen ts)/1P 711/ F, CA]$fflHTgil/&. ^ 
3-U :** ? F©E^ja« 1 0-^3 Ht*f. 

[0 0 5 3] (b)DNA©#D— : ±E5g«^ 
«S»5S7 r nF3-;i/fc«fc0, -&^'Jrf7?^l/^F 
©77X3 K^^-^©?D-->^ff-Dfe. 9 
n-->yMClKLfc7"7X3m, ±|BpWM5 0 
0^3ilKpWM5 0 lTfafeofc. 

[0 0 5 4] ^P-x>5^^-£SmaIfc![B#3re 
ISSLfeo HflS?Lfc75X3 F(*95 0ng)*SttiS« 

i(10mM KC 1, 5mMFUX-HCl, pH8. 
0, 5mM MgSO<*i^0.5mM^hWh 
-II/) (3 0 w 1)4 , T^UP*X^I/^FD-7E?IJ(2 0 
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tr^jw tm&Lfc* z.(DM.mz»M*mtp-e 1 o o 

l^T, U,m&tf)®U7t=l>}±7->hteS M8 3!t^Siia 
(lOOff 1 : ara, A [lac — proA B], strA, thi, O 
8 Od, lacZAMl 5 ) tm&Ltcl fcTX-f 9 (Vieira) 
£.©Genel9. 2 5 9 ~ 2 6 8 ( 1 9 8 2 ) lCtB*CD=fc 

3 tc lt] mm<Dfttb*wm&\zmm-rz>)o j m 8 3 

SfflHSte. v>^;KMandel)SO J.Mol. Biol., 5 3. 

1 5 9- 1 6 2 (1 9 7 0)(#fl8Oit«)*9Mffl»K§lffl 
T3McPi^©CaC l 2 j£tc£Dfg«L;fc. z.<DU^m 10 

^£#*.fco *52ml©^U7^0X(LB)«i(l 1 
^feOA^h-hU^b>1 Og ; A^h-HHSX*X 
5 g ; *> ±tW aC110g;pH7.5 £##) &J£5i 
<E»fi^»fcJnA, U%m* 3 7"CT1 I3IBH >*a.^ 
-Mfc. ^-e, »H««L/fcilJBftSorvall GL 
C - 2 B^±S^Wf T^C^)ifc*Htfc(4, 0 0 0 r 
pmT5m ifi*LBgi(10 0/il)tftSi 

^E-4-^np-3--i'>HUJl/-D-^5^h>'H 
(1. 6mg):fc<£tf7>fcf'J->>£"&*-r5LB:7'V— 
KLBgi/T/'tU ->> ; 2 5mg/m 1T100 
H 1 )_kKi:?V— 5V >{?VTc. -fV— r>S3 7*CTl 
5lH-f^^-hU S-fty? his?— VM&T 

[0 0 5 5] 2 1 ©^P — -^^'J^^k^F© 

Uifco 7>t!'J-»(10 0/tg/ml)gttt5LB 
*i(0.5ml)l;#-nDZ-S8ilL 5IBf(Wlfff 50 

2 l©«*Oili|fi*««(T«:fc%, -5(D*««Jft 

7>tf'J '»*$rr*LB**(l DCSDA, 600 
nmTO^fSS5 0. 6 5<h&Si;1?2. 5B#^±i«$ 

^ fe Lft&^giJ©^^?^:^ p->&|g]3rr£ s 
MT. :/-;i/L7h*:/ia^Jtc^T4^©#j*©ig^£ 

2 5mM)T*Bi|gU, 3 7tTl 6^fW< >+a^-F 40 
Ufc[7P->^r;KFrenkel)e.©DNA, 5:539- 
5 4 4(1 9 8 6)\zM^<D&o\Z]mM<DtLtb*WfflW 

[0 0 5 6] (c)DNAiM-jfAljffliS:f«telI 
■ 0, 0 0 0 XgT?5M 4"C)(C c fcf) 

0JRL&. fflft&jgffU /t— >$-f.MBlriibolM)& 
©Nucleic Acids Research, 7; 1513(197 
9 ) (#Mofce*MJB#fc3lffl-r4) fcW*©± 5 
^5X5 HDNA£ti"7Ai'a7^ F£jffi±Tffig!L 



M¥4-3 4 9 8 8 1 

[0 0 5 7] 49©y-;HSft©iS7'7X* HDN 
A£FokIT?«*tLTDNAtfH1?Att*#fc. i&2 5 
0 (t gffl^-Jl'LfeD-^E*l|7 , 7X5 HDNAS, 3 7 
t CT2.5«fP B 1. 5OO)il0i«(2OmM KG 
1, lOmMh'JX-HCl, pH7. 5, 0 
mM M g C 1 2 ) 1 2 0 0 ffi© Fok I Ife. 
ffiftHUS 6 'J 7^7 'J J]/ 7 5 H^Jl/±T«^»fC^ 

w. 7 3 &s*f * u rfx 5» Y^mm\z.%m-% 
mx-zw vmvtzo ±sms,n 1 ( a > cEttt^'j rr 

©^iisfT^fco 

[0 0 5 8] ««?FokI WfM-S*(l 5 m DftfMW 

Lfc„ 4^©isi|Bf©^n^n©7Un-h(o. 5/t i) 
£0. 8 %7*n-^yji/±©«^»[r*HtT, 
i/£DNA®iseg(^£Lfe. m£M*.\zm-j%* 

fttSH* 6 4 . 5 w g ®^-;PFok I BrtfT&*f95n&. 

[0059] (dm&xmmm. mm\z%mznz>Mm 

S6. 2 l©»fJtifAW*'B-^7 p 9X5 FpWM5 1 81: 

^y-hLfc. £©5ss*T?tt, -&^phoA«e^« 

V— A^-&gBe©ffl»T(Cfeofc:„ 15 0 n g©BamH 
I /Hind I I I MS^^-t^K^- h-TSfcs?)5 
0 n g©£8rfi-£fflV>fc. 

[0 0 6 0] ^S©&^phoA*fgT(pMAl 0 Oift 

7U3-hS^t£. pMAl 0 0OWIS»HttSg4 

— fef (SM*«l8«tta*-r*) ©X * FKHIi5«ktf 
75 5 H~» 613^?% :*'J :** ? 

^F-y-T/EMt^^-i©?-^-^;^ 

-->3 >S-o-#l( 1 0 jti 1 : 6 OmM h'JX[pH7. 
5] ; 5mM MgC h ; 0.4mM7f/-»HU> 
Wt ; 1 0mM-7fthH h— 4>Tfr^fc, 

Wstiu*— e<T4DNA»j*— ©sasmrsifK. is 
i(Bf&4 2-c-ri 5^re-f hl, on-e4tre 

1.5«ffflKV>fco U2f— KWn*, tm^O'CtcTl 
6B#p B 1-f>^i^-hbfc 0 5%75"J;KT5 F^ 
(1/50 h*X7^U;P73 H)±Tf^«T-r*CttJ: 

pWM5 1 8 4» ©^fiphoAJfie^ 
K*fJST5 3. 5*n^.-x$rtf\ &<fcm;iL ^Jtfctco 

SCS-lfiifitF". recAl, gyrA96, thi, h 
sdR 1 7, (rk-nik+), supE4 4, relA 1, A" : X h 

Mfe^jStt. /\^-/N>(Hanahan)© J.Mol. Biol., 1 
66, 557 — 580(1983) (#flS©fc«)*^W# 

t^iffl-rs) fcsa«stifc^tc«eoTff ofc. s c s 
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- lflBBU 0 0 u DfcMtfU WfeoTftfllLT*^ 
ft#'J7 r Di:i/>fa-7(15ml ;7rJ^>2 0 
5 9, 7 4 yi/f— • D--fX/'f-i'7>f yi? (Fisher 
Scientific), MyVn—f. P A)«f»C7U 3— M, 
&. 3-^JWyM^/-;K1.4M, 1.7(il)$ 

1 ngffl77XS HDNASWflatC^ilDbTSiScO^® 

R****>**»sftfc. ?!£-%©«*©#« (is 2 atc^ 

*-)««« Lfc. tm£*±T3 O^HSH^a^-r- 
l^o *©M. ^»!«{C4 5 < C©7K?§4'iC4 5 
»lILtO^^±l;2^f<^tofc, S 
OC««(0.9ml)£M, K^H>^^-Mv 
fc(2 2 5 r pmt?I13tft:^f,3 7 ! CT1I^W)(S 
OCSM, llSfcD, ntf h- h»J^h>2 0 g. 
A*^ h-ifI^X5 g, 1 OmM NaCl, 
2.5mMKCimb. 2 M»M£BM g J§M [ 1 m 
1/1 0 0ml SOC ; IMMgC h^ifltlM 
MgS04]$3«fctf2M»^B^n-X^Mlml > 

m2S(^R«m«i*) 

(l.Ottl) 
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*/100ml SOC]iS-o-Lfct>©T$>ofc)o -f> 
*a^~>a SMf&£ 1 0 0 0 r pmTl 0#[H]j£ 

^ific/O^txaiffibfco nmr^vy h&soc 

(2 0 0 jil)ifl;fijMU 7>f->U>(5 0/ig/ 

[0 0 6 1] r;^'J*X7y^-if&^L-fcnn- 
— tt, LfcB C I P (1 0 0 p. 1 ; 20mg 

/m 1 ) £ # :/ V- h fc » A T* C fc #fi ©Mfe \Z «fc D 

10 «»S6*ott;IS!S»«ftScDfcj&, SCS-i«fl££pU 
C9^7X5FDNA(if, 3>hn-MLT«V) 

; At^y • u-y-— 5#5MJ-x\ *H-tr 
;vx/t-^\ MD)TfclMlfc. scs-ifi 
Mf&<D-£MKfcMMmt, «5 2 x l o 7 n n--/ w g 
pUC9DNA^L X f-^v-XC^DIBScS 

nfc^tt, ixio»3n--/KgDNAMm 

[0 0 6 2] 



ISM 3 
tt»4 



1 : 1 0*R 
1 : 2 5flm 
1 : 5 0#fj 



pUC9 

[0 0 6 3] *>r!fiftt6'3<DJBK<Eii#(6'30#63 
D^-)©^^tfEtt©^PhoAttfc^©#££^Lfc 50 

fc„ £«$T1 6 03DZ-*MfeftSCS - 1«* 
£>i&0tiJU A— A ©Nucleic Acids Re 
s. 7 , 1513(1979) <#BB©fcaft*g|lffl»fc9[ffl 

•r -s ) \z m * a n & 5 = ^ k y ( m i n i p r e p ) m \z ± d -r 9 

XSFDNA^ILL #ttfi©7U n- h£EcoR 
I*;<fctfHindI I IT?#ftU ^flY-*-(DNA 
/Hindi I Iifrv $X174RF DNA/Hindl 
I iBrft-fiWl+D^-XDNA^tX^-'JiJ- 40 
f -7#7h'J-X, ^-ftil/XA-^ MD)tifc 

hft 1 6 <Dum<Dot>, -r^T<Du.n^ 1.4^0^ 

-X(^ftT;V*U*X7T^-if»^©^JST-5« 

[0 0 6 4] 1 6 ©iS^S 4^©^D->£mDffl 
L, 77XSFDNA^n-?n«U CsCl£jE 
_hTiW«Lfc[7 r t P7(Radloff)6©Proc. Natl. Ac 
ad.Sci.57, 1 5 1 4 ~ 1 5 2 1 ( 1 9 6 7 ) (#JS© 



DNAitS 

(ng) 

12 0.0 
1 2. 0 
4. 8 
2.4 
15.0 
1. 0 



3D-— & 



3#, 3 6 2Q 
3W, 12 43 
0*f, 5 39 
0#> 1 6 3 

6 83 
~2 0, 0 0 03 
WmiM^^-l ^—^m^^y-ft—iS anger) ©v-x 
^•*>'j*[-9->^— 6, Proc. Natl. Acad. Sci. 74> 
5463-5467(1977) (#fig©fc**^ffl#fc 
giffl-ra)]fc<t»3tt»05'-^X>'»^*ffrj&. 4 
0©-f^T©tfi^l^C^M(l 1 9 Hfctr&WSC-* 
T, 1 2 2 OfttSStf-ST-^CiJitfl 3 3 3&IC*5tt 
5A-G)Stl/W£. ®*Stt1M I^r-T?* 
■a ft:**, 3BD©*fl:ttVa 1 377 >A 1 a &J;tf'S e r 
416 >G 1 y(0lli&oL #^n&^n->SrpM 
A110 t^Lfc. 

[0 0 6 5] (e)^«S*HIft(?)II! : Sf£Sph 
DA«fif(pMA10 0)§ffl|ibTfflK -€■©«© 

itsi4©i^± LfcT;i/?7 u*x77 ^— an - H-r* 

DNAftftSSiSLfco SD^T. S© 

^tojteti^*, Mwmm&nm-tzmz^ 

fln?*^fc. ^»tl!phoA«e : f L *il»-r*fca&» 

p ma 1 1 o 75x5 F^fc^flrrsateM***^ 

t5W»oL *»«IC*»J1 (a)t:Ei®7"D 
^*V=>T, 2 4 6*SMtCMJS-rSBgl I I /Sph I Kfffr 
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[0 0 6 6] pMAl 1 O^XSF^l 0{ig)$l 
xSiII»I(10 0^1 ; lOOmM NaCl, 
5 OmM h UX-HC 1 , p H 7 . 5 *5<J;lX 1 0 mM 
MgCh)>f, 3 1V.\ZX 1 6R#RS!, Bgl I 1(75* 

7U o. 8 %7^p-xy;i-J:©ma*i!itc^ 

ttfco 1 5 0 mM NaCl (Cit^-ft, _hfH 

DNAS3 7"Ctl 6B#H3> Sph I (6 0*ffiOT?£ S.tC 

£ 5 <J ij ^7 5 Y?M l/BOHX-7i"J 
*7S H)-hT?*«U *R«1~*J£OT1 (a)tcfB*© 

[0 0 6 7] ^JDmi/fcSSBgl I I /Sph I »ftt-£> 
Bgl I I/SphlBfM"(2 4 7ifi*M35^^-5)©^E 
Mfc#*:-r S 3 ^©-&J&:* U :f * i7 H (^n^* 
ft. D8OIS0ft^)-piIbfe„ T4DNAW- 

^tMA*-^ MD)£1H, *Sj4trn^©=S-& 
^U^?l/^^lX7-fy-y3>8«(l a? 
5 w 1 ; 6 0 mM h U X - H C 1 . pH7.5, 5 mM 
MgCli, 0.4mM ATP)*, 37'CT*30# 
ffl^j—HmM V [ U 9- - H V X R i chards on) S , 
Proc. Natl. Acad. Sci. 2. 8 15(197 1)(#HS© 

«fc±aE^F*fc«-3fc*«, #Bn&M^7X3 HUM 
Z 1 3 b1t*m*te^P-->^Lfco 
[0 0 6 8] 2 0 0 Of ft3 D - - 1 1 2 0 0fife3 

t±feM(:foT5z^k7"DNArBBaLfc, Bit 

[0 0 6 9] Xl!fcffJ2 
^S«©X^U-->^©fcS6©^^phoA©^ffl5! 
m : ^©7;kftU*X:?y^-if{C<£95p3ft5&^ 
&©7ca£>, Jtffitt©^*L7c7JI^U*X?7*-- tf* 

^o7JWU*X7r5'-t 4 *^««c^i 
gij-rsfc*, ^phoA©fga£j^Si*-5&jg;&**o 
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HZ>Z\£.U, phoAOS/W^^ktf^/ia^KGGA 
GA)£8jfigBm?«&U BC 1 PSHSfflHTlMS 

[0070] ^«5'jJi?y-Aiie^«Btts»*-r*fca&, 

pMA100(15(ig, *SEW1 (e)tf>£)£l x^* 
*ftl|g«i«tp, 3 7^1 6 WRfl, BamH I (7 5 JIMS) T? 
^kL&„ ifegft* 1 5 OmM NaCl (Cfiitl^-th 
^©DNAS3 7ttl6W, Sal I (7 5 *fi)T2 

£S§srr-g>» i.ooo©^ n->*5#6nfc. 
[0071] #'^tstviwe^e.+s©we*'xf©3^ 

», HSWtcHJE^ l lctB*©yp M-jw:foTf 
^©->— ^X>->>^©i^*t4, ^X>^>i/Ltc 

m**mmt(i > u #y-Aiis^awaa9^*fc^br 

V^j5\ *fcH(2)ia?!|ATGGC*&iaCAATAS 

^«ru#y-Aii8£*ticstfi/r^*#, v»-fn*>T* 

^ui^LWc, ATGGCU^y-Aifg-a-gHitC 
#Jft^£tm«&&#V>fffi£^U pMAlOlit 
Lfd„ ^V>-e, Jtffi#.*ig^:3-a:Sfc»5^tphoAjl 

Lfc^SphoAS^tTpMA 1 0 l-a-fSy^XS HSrffl 
^T77t-fUc. 

[0 0 7 2] XiiW3 
3^T ;k*7 ij *X7 t ^— fe*©5£3*^5Kf£ : T U 

SfeiiililSe r^^^ffll 0A~«)2 0 

»5!©B»fr*75/«tt, Val", Thr 1 ", 
Asp 101 . Ala 103 , Th r 107 :fcJ;tfL y s 32 8 ^^ 
ofc. 75/lVal", Thr 1 ' 1 , Asp 101 . Al 
a 1C3 *5<tlXTh r 107 littl*aS©S e r 102 tcjfi^fc 

[0 0 7 3] Val", Thr^'MTiAsp 111 ?? 
7K©^SSK^«, pMAl 0 l©SnaB Iff^ 

mz&ttzmm&m&mmmz&yft^ Ly s 32s © 

g5«S«aBS«ttCla I ftHS«&fc*V»Tffr?fc. A 1 a 
198 i5j:l5Th r 107 (COV^TIi. p MA 10 1 75X5 
F£SnaB I &£Z£EcoRVXmfcLtzmzmm#im'M 
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25 



26 



Ftt*»£*j:3 trays yn©*seai£^A/T%» 
[0074] mimmmntotow$m&smmjztt 

fco pMA10 1^^-(2 5 0ng, *»M2^5) 
^SnaB 1^(9 9ft, 1 0 OftMtfl 0 lfiCfft 
Cla I a>(3 2 8ft»*S©&5&), SfcttSn 
aB I iSiOCEcoRVd 0 3ft*iffl 0 7&CDSS© 

tU^i'I/tfKd 0 OKn^W&ffi'&U 100 

ht£ J M 8 3 ffl®( 5 0 0 m 1 ) ffMEiMte 
fe£3k±T 5 >^o.^;- h L, -3 V>T 3 7 *CT 3 

$HW*&>'3V LB*»(2.0ml)SftB 

fco M^Jt^ltitCii^W MfcU LB«I(1* 



10 



< 0 0 h 1 1't'CBHL. LB^lz-KlOO/ig/m 
1 C9T>lf^U >:fccktf 1. 0 u g/m 1 ©BC I P£ 
^*)_htCj£tffco ^W-hS3 7tl:Tl > 

6 U IRK >^ a H l^fc. ^ V * ^ "> > H t tfcttb 
TtfiaiH3n=-s. Jt?§tt<D«^LfcpiioA*S 

[0 0 7 5] WfiCOnDn-SSftU ^^7VyDN 
[0 0 7 6] 



p MA 114 

Va 1">A 1 a 

p MA 1 1 l#J;tf 1 1 2 
Th r 100 >Va 1 
Th r 100 > I 1 e 

p MA 115 

A s p 101 >S e r 

p MA 1 1 3 

Ly s 3 2 8 >Ar g 

p MA 116 

L y s 3 2 8 >A r g 
Va 1">A 1 a 

p MA 1 1 7&J:tf 1 1 8 
A 1 a 103 >As p 
A 1 a 103 >Cy s 

p MA 119 

Th r 107 >Va 1 

[0 0 7 7] S3®1 **L»:Jt?S***-r*ft*r 
TfclESfrTfcofcc pMA 1 1 3 (Ly s 3 2 8 >A r g) 



2 6 0lfffi GCA : GCT 

3 8 0##fi 

2 3«#fi 
3 1 6 

7 6 6fi 

1 3 0«»fi 

2 6 0»*fe 
4200^6 

1 

3 2 

1 6Sfe 
2 7 0««fe 

4 9 0i#fi 
134 0Sfi 

2 3»»fi 
1 4 1 

1 5«#fi 

8 7«flf<& 
16 666 

\zm^Tc 0 fc£*J£ PMA116S, pMA1137 
F\Z&^T^t>\ZV a 1"SA 1 atCS^^^ch 
fc<fc!3IMtU;fco ST^yKStoV^fStlfcaF 

[0 0 7 8] HjjfeffH 
50 U*X7r^-*o»*iME»S«)rr5fta&, 



GT A/AT C 



TCA ; TCC 



CGA ; AGA ; 
C GT 

GCT 



GAT ; TGT 



GTG 
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->U >(4 Oml) D--(0-S8tij[T 

nTV^[V^n^(Magasanik B), • 7# h — 
X't^PXTte Lactose Operon), n — ;i/F- 

>#7N-/\*-% NY, 1 8 9-2 19, 19 7 OIL ft 
Kilb^^, 8t»*7^n(2 5 0ml)^ 

(4,0 0 0 Xg)»^ ±«*«Si#T, ^I/yhS 
LB»I/7>lfyU>(4 0ml) + [:Siat^ L 
Big^/T>h a i/U>(2 l)^Atlfe6 1 ^V^Xnic 
±B-*#*»6»«U tb<IIL^^3 7W 

[0079] T;p*u*x^r^— tf<o«»aTC** 

Tffofco 6 0 0nmT1.3-1.4(Z))tffS[:IL it? 
T*>6, »»««l)Wlfi*a^(t(4 8 0 0 r pmT2 
0#5S, 4 < C)tcJ:DlHliRL^ 0 7JWU*X7r^- 
-tf£«tBf5fca&» 2 1 ©*«^DX*6©JiJKS» 
0. 1 5MMJX-IIC 1 W&WL. pII6.8(80m 
1 ; 0. 9%NaC 1 6 mg/m 1 ©#U5^> 

>B^*)*fc!K»L:fc[XA>X(Evans)5* the Jo 
urnal of Infectious Diseases. 13 3, S9 7 
-S 1 0 2(1 9 7 6)(#JHOfc»*M«l«fcg|ffl-r 
*)]. 3 7t(D*fS^7-l O^^a^-hl/ 

■IBS»b»I(8 > 0 0 0 XgT?5m 4TC) 59 

[0 0 8 0] ±|B#U5*>'>B»fH«fc4 , CfcTHfr 
ODtiftKT >^EX^A£f3>o < D ^iPAT 8 5 %ftftfct> 

»Sn&ttJB*li*#ll(8, 0 0 0 Xg7?5M 4 
■C)KJ;Dia«U 0.02MhUX-HClIf»p 
H8.0, ImM MgC ls*^r)*fcWIB«b&o £ 
©K»©S*f&0. 0 2MHJX-HC H«(pH 
8.0, ImM MgCli^*)(8-12 1)t»LT 
4 t C7?ffofco ^V^T, H^at«"fe;K7^3X ^ 49 
;l/8 0 5 0, ^>A*-, MA)^MWMS^5~1 0 

[0 0 8 1] t/P HR5/5^7AMWJ/t7 
7r-74fei«96(^^- $r3#;i< • #>AX 

~ ^>h;i/-rx, Mo)^^v>a3i^>A o ^M#:^n 

Vh^7 7yXrA(7 7^y7, ifX#3"y*X-f\ 
N J) ±7?r;V*U*X7r^— i^co^n^E^^— #x 

^7DT hi^y-Y — ftffo&o #^A£0. 0 2 5Mtf 
X-CH3 COOH(pH6. 9, ImM MgCh§ 
*)T¥»bbrc e *UA>7T CHsCOOHil 50 



#BB¥4- 3 4 9 8 8 1 

(pH5. 5 ; 6X[y/v]#'J/^7t-9 6, 6%[v/v] 
#U/ty7r-7 4*i«lmM MgC 1 2 ^*)T^ 

>^^**»«b&o ^nzcD&mzxr) P H6. 5- 

6. 3-6. lT^SILfeo 2 0mMhUX(pH8. 0, 
ImM MgC l2&m)q*7?¥Q6ikLit±7TTy9X 
G-7 5±^0¥)Vmm#u^hify7j—\z<i:y), # 

£, T^n>ir>hUn>- 3 o^-f ?na>t>H/ 

[0 0 8 2] jHBgt|5 

U *X 7 7&-V<Dft9t : *MB* >/W79<D 

^ py;Kg;*!KrC9AU(Laemmll f U.K.), Natur 
e, 2 7 7, 6 8 0 (1 9 7 0) (#]»(0fta&*W)»#fc3l 

/t>H3W**n, ^n^#:co^fi^>A°^Rco9 8% 

BSST u *X7 7 (s^yr) t>£> £|wi-t$> 

O fee 

[0083] #6nfc*a#*©ass»c(v..x* 5 trx 

K ffl )<£>$te£, B*IRpNPP(^7)*±»4-^ 
^JW>^U7xUMX7x-h(4-MUP ; 
»J>^-V>A^A, ^f>T^7t#UX, IN)S 
fflV>, lMhUX-HCH«S(pH8.0, ImM 
MgCh^t)^ 2 5tTffoL ta-l^yb-;^ 
F (Hewlett- Packard) 9 1 5 3AUVMM 
H-SrJBV^ 4 1 0 nm(e = 1. 6 2 x 1 0 4 M" X cm" 1 ) 

p - - hD7x/-;K©SI^-^-U: D 4-M 
UPlI^^^fW>^'J7xD>(Z)Sai^fM 
t^-Lfc(ABg=3 4 0 nm ; AM=4 6 5 
nm ; £ = 5.9X1 O'M" 1 cnr 1 ). $JfflM«te> * 
11^5-1 0%£>KjS(r>0. 9 9 7)*^77?ft 

febfco 6 — 8jft©5-f >"MVt /t-J^D^h* 

6kc.i8±ffK.fSfffc, 

[0 0 8 4] «.**3^6#6nfcj|g*a»4«K*t» 

sitLtpNPP*«tffMUPSfflK -r^ 

T^fMSi^^»7;i/^ U *X 7 r^-ifefc 0 *>H 
V^tgft^flT^fc pNPPSffl^fc»«tlt » 
*tt»tt©»Kttl. 6-3. 9fS±#C0|BHTfe^feo 
K,IB«S^5X^ FpMAl 1 3l:«tDS4Snifc 

# » *ffc*t & ^ s & tt tor* fc ±# L & fc ih * o 
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29 



dNPPlg 
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30 



4-MUPjg 



5 6 



p MA 10 0 

p MA 110 9 0 

Va 1 3 7 7 >A 1 a 

S e r 415 >G 1 y 
p MA 111 123 

Th r 100 >Va 1 
p MA 112 133 

Th r 100 > I 1 e 
p MA 113 220 

Ly s 3 2 8 >A r g 
[0 0 8 6] »*<©»ft«tt*T8B*ST?a«U& a ft 

T)i%v*xyy?-ii<D^MmM^mfc<DMmmk<D 20 

WSft, W»W2 0iig/mK JDiftSScD 0 . 0 2 
MhUX-HCK pH7.5^TMSk ImM Mg 
C 1 2 S}g*JlI»:/D y ? ^T-f h 



UM) 
3 0.1 



2 3 



1 9. 8 



2 0.2 



9 4.4 



10 6 
18 2 



1 9 0 



2 2 9 



2 1 7 



(/AM) 

9. 3 
1 4. 4 



10.1 



10.2 



4 7.7 



[0 0 8 7] 





pMAl 0 0 


p MA 1 1 1 


p MA 1 1 2 


0 


10 0 


1 0 0 


10 0 


3 


10 2 


9 1 


7 8 


6 


1 0 2 


8 2 


6 0 


9 


9 6 


7 6 


5 3 


1 2 


9 7 


6 9 


44 


1 5 


9 6 


6 3 


3 9 



[0 0 8 8] ftXAW*onilO«mtt««]B6SI^ 

PMAIOO 9 5 

p MA 1 1 0 8 0 

Va 1 3 7 7 >A 1 a 
S e r 415 >G 1 y 

p MA 1 1 1 8 5 

Th r 100 >Va 1 

p MA 112 8 5 

Th r 100 > I 1 e 

p MA 1 1 3 8 5 



[0 0 8 9] 



0.126 



0.100 



0.031 



0.062 



0.064 



5. 5 

6. 9 



2 2.6 



11.1 



1 0. 8 
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Ly s 3 2 8 >Ar g 
p MA 1 1 4 8 0 

Va 1">A 1 a 
p MA 115 8 0 

As p 101 >S e r 
p MA 116 7 5 

Ly s 3 2 8 >A r g 

Va 1">A 1 a 

[0090] mmme 

m : iSilpMA 115(Asp 101 >Se r)*«ktf 

9 yifr;i/^ u *x ^ r ^ -if u • v> 
(k. * ± w v m a x ) fc & p h ^ate l 

ft. **tt4-MUPfc**il/TJBV^ 2 5Wfro 
fc e ta-l/yh-/ty*-H9 15 3A UV^tt 

W>^U 7xn>Sffl^T*»»t»SU ^7* 



32 



0.040 



0.051 



0.138 



1 7. 3 



13.6 



5. 0 



8. 
8. 
9. 
9. 



WffiWi 
Oh 1 car 1 ) 
1.09X10 4 
L4X10 4 
1.62X104 
1.65X10 4 
1.67X10 4 
1. 68X10 4 
1.69X10 4 



* (pH 8~9. 5)*&tt5 0mMyftX?/^7> 
10 >(^7)(pH9-l l)*5<trWaC 1 (^^)*-& 

#t*fi^f *>a»*if *( 1=20 o)tfl^&. v 

« a x 43 cfc «K. 6 - 7 9 9 -f -A* 

If 7;W 'J *X7r^-SK^^TB: 1 5 0,000 
pMA1157MU*X7T^- 

iffc^^Ttt9 4, 0 o o^h>^fi§fn*n 

[0 0 9 1] t7g(SBtlT4-MUPSi^fc7 
PMA1 1 5 gvjjg 

Vnax kcat Km Vm a x kcat 

C^" 1 ) (MM) (/iM/») (gr 1 ) 

11.4 30 7.9 48.4 303 

26.5 69 18.2 58.7 367 
66.2 173 43.9 91.9 574 



Km 

(MM) 
3.1 
6.7 
50.3 
410 
1660 
3520 
3630 



176 
262 
284 
239 



10.0 
10.5 
11.0 

[0 0 9 2] W*©»*fc*ViTK«fiti3cJ;«ke.i<t 
tt, i^fcpHftHOBgfpHiBTpHttfclCJI 

Vi©tt, pHlO.O0l&T$)^o eiC0pHT»9^ 

5 fttoT^lc i.65«I 
**«fc«X«*»»T;P* U *X 7 t 3* — 1£( p MA 1 



459 
684 
741 
623 



111 
348 
4762 
16600 



140 
181 
632 
1116 



875 
1130 
3950 
3980 



40 



0 OEC^^Tffofco pNPPSl(Op-rhD7x 
/ — )l"\<D^m&, txL — ]/y \ — /^y$J — H 9 1 5 3 
A UVM*M^ffl^4 1 0 nm-C&mytmomt 
(£ = 1.6 2 X 1 0 4 M" 1 cm-^ftjiW-railtKctO 

^e-^-Lfeo ^n5B*ok cl t«i:SStpH0f 

»ft*8aiC^-rc *»SipMAl 1 5 CO kcat 

p h i o . o \z^xm^MiMM7JVl3 U *x 

[0 0 9 3] »8» (»tlTpNPPt«^fc7;P 

* u *x ^ r kcat «fcR«-r p Homm 



7;WJ#X77*- if^kcat 



PH 


pMAl 0 0 


pMA 115 




8. 0 


8 


3 5 


3 4 5 


8. 5 


1 0 


7 8 


4 8 0 


9. 0 


1 2 


15 4 


7 6 0 


9. 5 


1 3 


2 5 5 


10 0 4 


10.0 


3 0 


10 6 8 


2 113 


10.5 


3 3 


9 4 7 


4 6 7 5 


11.0 


2 8 


9 2 7 


7 17 5 
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[0 0 9 4] pNPPfc*ViT«lKSnfcffl[BjK. 4- 
MUPTienfcfcrotilLT^fc. tis.t>%. k 

E .tltipH8»6 1 0trr?nT±#U PMA115 
t ^ U *X7 r ^— tf i©IW© kc.ttCD 

iI)J51^t!5:5(0(JpHl 0. 0tC*3V>TTSofc(2 
k [lt ttt«MI(pMA10 0) 
t^v-IS^T;!/* U*X7r y"~t? icoKT^p H*5H 
CfcfcoT^tafSWftl, pHlO.OC^T 
fekc.tfitt7 0iOfli)iJS-Dfc. pMAl 1 5(1^ 
^BifiWSfCit^TpH 1 0. 0Tfflk„t©fS*S7 0 10 

U *X 7 7 9— tf<fc 9 feint 
[0 0 9 5] »»J7 

a-7i h^a-r-i'>o-y->H-f y^E I Atrfett-^ 
S7M'J*7>7 7^- tf©&ffl : TK©<fc3fc, *f 
$Sll(pMAl 1 3*»&©7;fcfrU*X7r*- 

-^Ki[AFPtt#*9lfc«a-r«iii:fcJ:t). W*S 
»«AFPtr[#:&P«Lfc. N,N-e>^fWM7 
3 H(DMF)tp®5 0fg^«SJ©m-VWf3 20 
'/'fJkN-tFP+^^i/WS HXXfJKSM 
COS, lM'J>lliI(pH7.2, ImMMgC 
1 ; «DMFi8S5%)f<ffl7MU*X77^ 

-if©0. 6mg/m 1 **K:fln*:fc. 2 5 < CT3NfW 
KJS&ffVs, ^-ofj, SMCCWiS4'Ctl8Nf 
M, 0.1MU>iIft(pH7.2, 1.0 mM Mg 
C 1 2i$m) ICfLTSffLfe. 
[0 0 9 6] 0. lM'J>H46(pH7. 2. 1.0M M 
gC 1 2 •§•#)+© 5. 8mg/m 1 StA F Pifr&JgfficS 
5 0 0 f&^;i/jfi*jO 2 --fS/^5>T?2 5CICT1 50 

1MU>1I«(pH7.2, ImM MgCljtt) 

fc*fl/r4tm 8isma«rL&. 

[0 0 9 7] ±IHSMCCja«#*&±IB^-;Wb*t 
AFPiiH2 : l© ; E;i/Jt*5cfclXlmg/ml^:5'> 
/^RSSfcTjDAfco 4 t CICT4B#^KJSSi±fc«. 
N-Xf;KH5 H(&HHiSK0. 3mM)S4'CtCT 

jR«l. 0mM)§4tl:T3 04MHmA*HitJ:0K 
J&£#lhS*;fc. OV^T, ^OM£2 0mMh'JX- 40 
HClIf«pH8.0, 1.0 mM MgCl 2 #^r) 
(;^LT4 t CJwTl 8B5lffiSBfL&. 
[0 0 9 8] T#'yMMx-AFP7'7M7"nha 

tt*©»«K. 1. 5MKUX-HC HfI(pH8. 
0, ImM MgCh£M)'t 1 ffll.2raM04-M 
UPS^Wfe. ±£Ty-fe-r3 L y hfrZOffimUM 

#w&mmv*iR/mft%*im&*mmm 1.3 us 50 
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/mlfc^i&U O^-<?»ifiL&(0. 2 jiMi). £© 

AFPjrL#:^*tt«£WV>T#7iSipft«fe*bT* 

tm&ffiO. 8 w g/m 1 Tffl^Sn^OtJtttLT, 

y-fe-f fc*HT 1 . 3 w g 

[0099] mmm 

JBStlM©^^ y^E I AtC*WS*ST^*'J*^ 
7r^-fffl«ffl : TlB^Jiicti^, St-JBSURIftfrlff 
fr^I7MU*X77?^TMLfe. PMAl 
1 5^5©tS7;WJ*X77?- 1?©^?R(0. 6/i 
g/mK 0.1M'J>il«, pH7.2+, 1.0 
mM MgC 1 2 «^[C[flrteL75:^e,4 5 0 
f&^BMHJ© 2 -f57f*7>-e2 5tl:T3 0»W 
«ILfc. JKO^-^-fbbfctWS, 0.1MU>» 
*S«jg(pH7.0, O.lMNaCl, 1.0 mM Mg 
Ch^O.lmM ZnC l2-g-*)-r¥»t;L7cir 
77f-y?XG-25*7A(lX45 cm)±-eJEKffi 

[0 10 0] tt#:»f>T-S, m^CHflgLfcj^G. 5 0 
fg^;W®SJ©X 5^JM -(N-VW5 

1 - M)#:7y3 I»)J'?D'SW>AW+J' 
M3 >*-)<DMF (****£ 1 5%)* 

TiS)t2 5tT3 0»«3-a-fe. ^iT, £© 
KW*. 0.1M>J>Siffi(pH7.0, 0.1M N 
aCl*iy5mM EDTA^W)T¥H-fbbfcir7 
7fy?XG-2 5*yA(l X4 5 cm)±T?$JigU 

[oioi] ±fB5 1 ^--;Hb^S7;i'*u*X7 7^- 

■yS±ia«tt^fr[#»r>T-t 1.5:1 Ot/UfcTrft&l, 

fco '©s*s?B-&^s2~8'CT?i 5«mni^K:iac 

TElSSMSfft. 2 5 < CTlR#p 9 m fSWSh'JX 
-HClIil(2 0mM, pH8.0, l.OmMMg 

c hM)l:^LT4t;i;Ti suSNBSWUfc. 
[0 10 2] *KWt*Ji«7fciE«©*j*tlEV\ « 

»«3. 7 w g/m 1 fc#SRU atatfc. ^««JfcH 
7 fcB*©38rttfc«V». d©»^K*S-9-> H-f y 

WX77 ^-if/*t#wn-fB^iSSST 

y-fc-f«flEl - 64(t g/m 1 •pjav>T#&n&«iPtt 
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[0103] mrnwa 

ft : TEW£iv>T, mmm\zmmm7\ztmo^ 

\ZVt^TBmmmtriAFPin.#:Zm9kLtc, (l)pMA 
1 1 0 ft P> <D^m7)Vf3 >J *X 7 y 9— tf © 0 . 6 /x g 
/mlSS(0.1MU>81fIf)^ DMF^tC^ 
fi?L&5 0fg^;i/ji»CD3 0-Jg?U>*-(DMF© 
fti^«*l 5%)-e2 5 < C(CT2«fW%lfflb > (2)flHt i0 

itmm t^-t- Mt^immmz^mm i tie*©* 
[0104] jtsisaiiojR^eftroaieaftSjiwrs 

tt«*6 0HIHWD«k*frTlC**. *»«6lCfB 

»©SR*iSfc©i«?*fl:St>jj*-r. *IMHea7;w*U 
*X7r^— I?**tr»«taiH4 5t:T6 0 B^lcM 
®<D>-if-f)V<D3 0%*Sl^fc>nfc^ — 
W»*/JrL#:m*K3lT{i4 5*CT*3r^C2 0 n«fc 
«ffl©>'^;K0 6 0%£t±*^t>tlfe. *H«*SS5 
Pff/la1$fg^iSSi©ft»££<l4te:, «?L»ftS5i?»^ii3i6 

j: o wzzmzmnx^t^ 
[0105] nmm 1 o 

s*7M u r -tf twaesnis^^oawitw 
&d i"p©*Bf->XT-i , >«ss*"rs*a^:»W7;p 

5 > vifc##a»ft*»»fc «fc o tt-jm* 
mm\zmA? u&. #e»tifc#awM-&^ 

[0 10 6] *R«tSllfi«3lcE«©*fet«-3Tls 
$55II!L, »*©«tt«Hfcfe.fcrtey'v-JMif©^f' 

P + v-X^W 3 KxXTM&a4-(7k'f 3 H 
XtML-- l - MJ#;W13 H->i'DA^U->*M4 : -> 



M¥4-3 4 9 8 8 1 

50 

[0 10 7] gjtifiM 1 1 
«#©MI^#£*T£^*ISS77X5 F©«9« : 

-r:>^^^-TS«^t*^$nfco «»&*© 
FokIfe(Y>fy^J:WJ>^ Gene, 6 8. 1 
0 1 ; 1 9 8 8)£fflV^T3 0 :*U =fX 2 Vt^ F#> % 

^•7-if»gT©#^xa.-;Kmodales), ttSM^ 
jg, lacZ»e^Wfr£<£t^;i/^P-->^ffi£ 

->fc£tl3. &W4, PUC75X3 Htr#ftf5M 
&flB&©««5 0%»tlT$5'i, ^7X5 H© 
it-f X>*2 0 5 0 igMttlZ/bZ < ftoTViS ~ t, *5J; 
0 - 9 ? * v— K Ifif*± tfl ac Z »M-©M^ ©T 

Z>o z.nt><Dmuz&V), ^i«Si 
[0 10 8] (b)75XS H©Wfr: ^HM©#^^9 

-^6»6n&«iB»fM'©«^*<fctwii«s*»fc-r* 

14, SS-ft&«fcf4ffi#©«[E^fiS#AL?S:^e., «J 

^©^^^©ftijfiBaK&s^-rs^t-cstjfc. is* 
©sums. #<©a*©*iis«f*swra^^-f 

^n-->^Cl4W5>*^X^S#5ri:j{it^nT^ 
[0 10 9] ^^5X5 H&3^©3U©*-fey blZft 

Gene, 1 9, 2 5 9~2 6 8 ; 1 9 8 2)fr*><DWBM 
MS^^7X5 H+©ori««£«lS-rSDNAB 
jajtLTjIiRLfc. C©E?iJtC«, RNAIiScfctfRN 

a i i owsowKfj-i *j;tf*n*n© 

y n^-^-^ttlT^ i. W 'J X*-, Maximizing 

Gene Expression, UX^PXg, A*^— <7 — X. 
tfXr-X 1 9 8 6). 

[0 110] pUC^XSh'C/S-^^ 
-if»£^£M«T-#-£bT^ifc\ 
14, pUC 9 (pICSBJ&StlS^SP 3 ^D€-^-[7 
nv"7X(Brosius) £>, J . Biol. Chem. ,2 5 7, 9 2 
0 5-9 2 1 0, 1 9 8 2~\$>£.Zfi&t}1Z7 r~ ^fdjt 
fiTVI I (Beck) 5, N 

ucleic Acids Res. 5, 4 4 9 4~45 10, 19 
7 8]mWft. ori«*i»*NIH«fc, »0#©#j 
KSBft * ^*"T S d £ \Z & Y) 3 - v V 9 T— if © x ^ V 
^HfiJUSftjfcft:. 7t^T^©#^(I le»>Va 

l*3<i;^Va 1 182 >A 1 a©*^£|$£^T), 737K 
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mm\mv-c$>z>o bia*e^*ic^«fc#*rr**iB 

[0 111] HHtC> pUCOa-ffiWW(complementi 

[0 112] (c)Igfif :Ifi^©FoklS^ 

r:>^Lfc(V>?^^cfcr;#U>^ Gene6 8, 1 

0 1- 1 0 7, 1 9 8 8)o y^X5H£ffSU Fok 

-s*«bfc P ^n&wtf-s^y-hu scs-i 

n>tf^> MBIJft[F-, recAK endAI, gryA 9 
6, thU hsdR17, (r k -, m t +K supE4 4, relA I 

[0 113] 7-fy-^3>it 2 

s nfc ( s c s - i mm<D±#i<DBnmm$!)m 

HU 5Xl0 7 M/mgil^<jypBR 3 2 2J;D 
t>*S*^it[#U;t- (Bolivar) Gene2 : 9 5 — 

1 1 3, 1 9 7 7tCfH*])o 

[0 114] ^«T3o©nan— &^P~h^SBC0 
val lMIB/^->S|fl/T^t, ^D->§HDffi 40 

DNABB^J*gS£fT^fco ^rSSTl 6 5 9 5 
ft, «*©Fokl — *&f4|ft*acTfc^ , 9X 

7X5 F£pWM5 1 0 tiftLfco 

[0 115] ^7X5 H»ffO«tlg»T?tt, 
^TFokl $r>t£fflV\ ^j*lacZ#iry Mir-yS':* 
-^□XYanish- Perron) 6, Gene3 3:1 0 3 — 50 



#BB¥4- 3 4 9 8 8 1 
1 1 9. 1 9 8 5]£pWM5 1 OcOEcoR iSSfifci? 

n-~>^L& 0 2i©;&-fey Hcfci, lac^n^e- * 

lacZ3te-?*rH\ trpAfc^-^-^-^UX? 1 
— (Christie) Proc. Natl. Acad. Sci. US A 7 
8:4180-4 1 8 4. 1 9 8 1 ]45 «tr«E«58«aE 

»OSmalSSffiS^T?Vifco ^C0^n-->^(CJ;D 
^7X>HpWM5 11«6n&o lacZ^iry MS 
EcoR I igpWMB 1 O^^OCD^fttf)^©^ 

•SmRNASfettRNAI I iRD*|B|fclac Z^¥* 

n— >*6). **HJ>A, pWM5 1 1 *t , a>lacZ3t£r? 

Fok I m(DZo-->sf<Z9-tLT£ 

0)»9J«)*j*J4» :/5X5Fjfe&/hSfc*^*rfl-*F 

ok i T?«(ffr*t^5iHa!»c*^TVia(OT?, y^x 

5 H^cd 4:CD«Bff fcfc Fok I BWfo&*l¥«l/fcV> E ijjft/J\ 
SS:FoklBfM-co«H(*#*tc*ftfrSo Fok I SMS 
<o»*tt#Ba* U ^X £r H £^ v>ftjR«£«SE» 
■»fcJ;Dff^ Trp-MetT^ySE^IStx. 
fc a ^<7>^<7>>-^x>^>^;:£D> £ (DEMIST r 
p-Le uT^/KiB^lt^^Jt^t^^nfc. - 
©Trp-MettJUH 1 0 6 0-1 0 6 4S»l:» 
*DNA«Wfc»>6-r*(»l 0W) o ^^fttf^cffl 

GGCAACAATTAATAGACTGGNNNGA 
AG C GGAT AAAGTTGC AGG AC C ACTA 
CTpWM5 1 1^7X5 HfeFoklTfamttfcU * 

[0 116] pWM5 1 5 &EcoR I /Sma I T-KBf 

KS*Ars;iifc<fc?)EcoR lWt**3*fc, - 
5 LTi**n&^7X5 1«SpWM 5 2 0 t#L 
fc 0 3R«£&*SK«£fliV>T* 77-?M13mpl 
8 ft 6 ©YJl/f^jV^ n-~> ^ggfi - y ^ a - ^ 
n>£, Gene 3 3:103-119, 1 9 8 5)£ lac 

tt, pUC l 8(Dft&l:«4Lfc«^n-->^D 

n-~>^gB<Kmp 1 8^t^iSftSpWM5 1 8 
ii^bfco pWM5 1 8f(OYJl/f 7 P J^P^>^5 
fete, TfB<£>HDT&ofc<, GAATTCGAGCTC 
GGTACCCGGGGATCCTCTAGAGTCG 
AC CTGC AGG C ATGCAAGCTT 
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[0 117] (d)^X5FOW«Wt:-&«^X5 

wwmmm, -co^-y^x^ v&mi\z^\z& 

ittDNA©*R»W*&»if||»K*MTr»*. #(C 10 
p WM 5 1 9 T^X^ Htt, 6^tt#ffi£E3l&Sft 

^aftstsa<tfe, *c!)«i:5aifi^2 4#fit 

^7X5HpWM5 2 01t 7 5© ii9 
^Xi=FteU 6-^^^^-if»^<Z)P l^P^fc-* 

[0 118] ^CO^^X^ Htt, 4>ft< tfel 2 Otftf^ 
^1 3 49- 1 9 3 3)lt ftfett*»S*»fclH# 50 

&DNAmt**6DNA©JK»Sj|lJfeU 9 

— >X*( Jones) 6, J . Clinic. Microbiol. 15:67 
7-6 8 3, 1 9 8 2] 0 nfcfHRtepUC9<fc0t>3 
-4fgfg<, pBR 3 2 2(D3tf— Rt^ffiTfeS^t 
36«b*o&o d pBR3 2 2iMLT 

M^n&puc^-f^^x^ FOJRKHMMt 

©BWaEftCp BR3 2 2 *<£>2 9 9 OffiOG^pUC 40 

yvxa f (Dftf&m^ \t a \z$et> ^ t v> 5 ; a;i/h> 

(Milton)^ Focus, BRL-Gibcol 0, 5 6, 1 9 
8 8) »-r«fe<Z)T?*o&«S, tnSpUC^X 
5 F©^KV^nlf-»^#^TV^j;'5^JBfcnSo 
[0 119] ^^9X5 FOEOTfcJBl 0Hfc*fo 
Ml OS*, -3 5&£tf-10 

^Dt-^-i* *«t«f Me t n-FATGHJ:/ 

fi£*t\> SltO^BJKRNaseHBaEaSffee*^ 7 
tfX hP7^tt#«jft*3RU FoklW^S^ASo 50 
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40 

©E#[ + 4 OCO 3 ' *«S*C0S« + T-A 2T$o 
fc 0 Fokl K^Atf^U^^k^HttBiWOJiK 
*t<t5l:S^&#LTS»5. (Sftf- 1 (BEJOtt* 
*«ttfcEai*>S&S. «J&ttlacZ;fr-fey F£££> 

[0 12 0] pWM5 1 OCOWSIfcfflViS-r^TO^U 
n*x^ l>*g t K<0'&**, s'-y^xh^yhUfJk 
X * ^ ^ v F 0 - 5/7 / ^7 ^ ^ F 

^7^7^ hVHmfAX3 8 
fco ¥Mg^l 0 0 0 A^0.2/i^Jl/X^ 

-;^JW?L^^X@ffl_hTfT^^o tU^^l^tf F 
<o««tty;Mt»»ftir ± Off o fe G 

[0121] ^jjftjturr*? l^tf H©i?n-->y 

T^CDFoklStrfliVifc4^CD-r^<T©^P-'ri>i^ 
^^^-(pWM 5 0 0, PWM5 0 1, pWM5 0 2 
MtfpWM5 0 7)£SmaI T^lfLfe, »50ng 
<Z>e«£^^-£3 0 1 £>Sttffi»^(l OmM 
KCK 5. OmMFUX-HC K pH8.0, 5.0 
mM MgSO^ 0.5mM^fthWl — ;W*T 

i o ot-ca^wiDSfcUfc, 

5^r 0 TOaib, 2 0 0ml <OT^Lfcn>h°^>F& J 
M8 3fflJJ£(ara, D(lac-proAB), strA, thi, 8 
0 laczDM 1 5)fc»bfc a dtBDNA/ffllftffi'&ftft 

tt^x-t-o £:^IfeM^W:»2//lwLBJgi^ 

[0 12 2] -&jEj6^5XaHa)fc*©FoklKfr*-&0 
^7X5 F*»«*KT©J:5fcLTKtH^fc. *52 0 
0 n gC7)^7 0 ^X^ F*9 0#fe(DFokI (—n.— ■ 
>^^>F • AM^^^X\ HA-U- MA)TM 

K*fSU lxFokIl»t(2 0mM KCK 
lOmMFUX-HCK pH7.5, 1 0 mM Mg 

c 1 2 *3<trxi 0mM2-^;wyhx^y-;w^f 

1"« 5 0 0 n 1 3 7"C7? 2 . 5 UtUBfJ o tz* ~D 

»A««-&«rrsFoki»frt"ft#U7^u^7s 

[0 12 3] ^-f y-va>^JHt*V>T, 2 5®t-< 
Tc^Fokl ©f>t(#l 0 0ng)*lll©JZ*;T— IBfcL 

pWM 5 0 0 (ifr2-14©feW, pWM5 0 1(|f 
frl5-18, 2 433*^2 5CD&8&), pWM502 
(Writ 19-2 3 ^3J:ffpWM5 0 7 ($rJt3 

0C0fcC&)T^ofeo 

[0 12 4] *«MO«***C0#*fcR«fcaifflT# 



-469- 



(22) 



#^¥4- 3 4 9 8 8 1 



41 

e« b & mwvmmto ©t^t ©*«& s * *> © 

[0 12 5] 

immvffiwmw] 

[Ell] TM'JWyri'-Kl&FaiitiC 



4? 



[0 3] 7M'J*X77?- ffl*£^&«3BT£© 

00 

[0 4] 7°5X5 FpMAl 0 O©ftlJ^flfi0S:*-r« 



[0 5] fi»4i«I7JWJ*X7T^- tf© 

[0 6] ^^m^m^mmrjvtiu^xyy^-if<D 
io [0 7] #5ra©SiT&ra^BS!S£fflv>Ta-:7xh7 

[0 8] **W©«f«»*l«*S^t^T«JftKOtftW 
[0 9] ^ y»f7;l/* U *X 7 T 9 — tf ftn'tHfc33 tfc 

[010] ^7XSHpWM5 2 0W?W 

HEMS^-T0o 



[04] 



[07] 



BanHT < <^ Asp?iB < Sad < Etofll 
AscI < Sail 

PatI <B3tEII 

Sacil < Dsal < Flul 
DnI 

5B0 < WjMl 




Sti/I -f io<ro 

*paj / Psel < OralT < BstXI 



AfUI 
Clal 

. B91I <B*U <CfrI 
Asp700 <Bgin 
SbuI 

BerJI 

Bhal <Eco7BI <HarI 
S500 

Sphl 

HlntiltX < OspWJ < Sty 1 




100 200 300 



AFP <ngfmi; 



? ^JH'Bt/p* M.x 7r ; 

?M A 1 1 3«ST*A ^^77 
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[02] 
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[05] 



Rsal Sail 

I 1 

1 GATCCTTGTACATGGAGAAAATA^GTGM^CAGTCGACTATIGCACTGGCACTCTTACCGTTACTGTT 69 

IleLeuValHisGlyGluA^nLysVa.lLysGlnSerThrIl«AlaLeuAlaLeuLeuProL€ULeuPh 
ID 
Rsal 

70 TACCCCTGTgIcAAAAGCCCGTACACCAGAAATGCCTGTTCTCGAAAACCGGGCTGCTCAGGGCGATAT 138 
*ThtEroValThcLysA7aAr^rhrProGluMET?roValLeuGluAsnAccAlaAlaGlnGlyA5pIl 
92 

Smal 

Aval Pstl 

'I 1 

139 TACTGCACCCGGGGGTGCGCGCCGTTTAACGGGTGACCAGACTGCAGCTCTGCGCGATTCTCTTAGCGA 207 

fiThrAlaProGlyGlyAlaArgArgLeuThrGlyAspGlnThrAlaAlateuArgAspSerLeu5erA^ 
' 147 * 185 

149 SacII 

20B TAAACCGGCAAAAAATATXATTTTGCTGATTGGCGATGGTATGGGGGACTCGGAAArTACCGCGGCACG 276 
pLysProAlaLysAsnlleIleLeuLeuIl«GlyAspGlyHETGlyAspSerGluIl€ThrAlaAlaAr 

B pal 

277 TAACTATGCCGAAGGTGCGGGCGGCTTTTTTAAAGGTATAGATGCCTTACCGTTAACCGGGCAATACAC 245 
gAsnTyrAlaGluGlyAlaClyGlyPhePh^LysGlylleAspAlaLsuPraLeuThrGlyGlnTyrTh 

331 

SnaBl 

346 TCACTATGCGCTGAATAAAAAAACCGGCAAACCGGACTACGTAACCGACTCGGCTGCATCAGCAACCGC 414 
rHisTyrAlaLeuAsnLysLySThrGlyLysProAspTyrValThrAspSecAlaAlaS^rAlaThrAl 

386 

I 

415 CTGGT CAA CCGGTGT CAAAACCTATAACGG CGC GCTGGG CGT CG AT ATCCA CG AAAAAG ATCAC SCAAC 463 
aTrpSerThrGlyValLysThrTyrAsnGlyAaaLeuGlyVaL^pIleHisGluLysAspHisProTh 

A61 

pvuir 

I 

484 GATCCTGGAAATGGCAAAAGCAGCIGGTCTGGCGACCGGTAACGTrTCTACCGCAGAGTTGCAGSACGC 352 
cIleLeuGluMETAlaLysAlaAlaGlyLeuAlaThrGlyAsnValSerThrAlaGluLeuClnAspAl 
507 

Sp«I RsrII 

553 CACACCCGCTGCGCTGGTGGCACATGTGACTAGTCGCAAATGCTACGGTCCGAGCGCGACCAGTGAAAA 621 
aThrProAlaAlaLeuValAlaflisValThrSerArgLysCysTyrGlyProSerAlaThrSerGluLy 

582 600 
Hlul Bsml 

1 I 

622 ATGTCCGGGTAACGCGTTGGAAAAAGGCGGAAAAGGATCTArrACCGAACAGTTGCTGAATGCTCGTGC 690 
sCysProGlyAsnAlaLeuGluLysClyGlvLysGlySerlleThrGluGlnLeuLeuAsnAlaArgAl 
634 6B6 
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[06] 



Nael 

aAspValThrLeuGiyGlyClyAlaLysThrPheAlaGlurh^laThcAlaGlyGluTrpGlnGIyLy 
j Nhel 

6y 813 

S* uI BstZI 

IThrGluAlaA^GlnGlnLysProieuLetiGlyr^uFheAIaAspGlyAsnHSTProValArgTrpU 
Apal 852 852 

Aflll 

967 J^^ssiKSK^ffidi^s^ -» 



1019 

? laI Ball 



BgllX 



106? 



1102 



* cl1 BspHXI 

1196 1226 
Narl 

1311 



^-ThrGlnAUUuA-^^ 

1276 

1368 

Styl flspMI 

1361 ^y£S^ 1449 
iblyLeuThrAspGlnThrAspLeuPheTyrThrHEtLysAlaAlaLeuGlyLeuLys . . clnVa 

1450 AACCT 1454 1427 
lSer 
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ims] [S9] 

PMAl I BT^4';*x; 7 ^- (i ■? >|S W T * !/ * * 7 7 -5 > 7 * y * * 7 ? ^ - -tf * £ t* P M A X 1 0 7*A!l 




CA 19-9 (ji-g/ml) 

* — PMAl 1 0*££{£ 
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